The kinetoplast is a network of circular DNA (kDNA) inside a 57 large mitochondrion. It contains the mitochondrial genome, which 58 consists of thousands of interlocked DNA circles of two types, 59 maxicircles and minicircles that form a complex network 60 Jensen and Euglund, 2012) . prise only a small portion of the kDNA network, with only a few 62 dozen identical copies. Their size ranges from approximately 40 Kb, depending upon the species, and they encode mitochondrial 64 gene products (Shlomai, 2004) . Maxicircles are composed of two 65 regions; the first region is a coding region that contains homologs 66 of mitochondrial genes characteristic of other eukaryotes (Simpson 67 et al., 1987 ) and a variable non-coding region, also known as the 68 divergent region (DR). The coding region contains two rRNA genes 69 (12S rRNA and 9S rRNA), 14 protein coding genes (ND8, ND9, ND7, 70 COIII, Cyb, ATPase6, MURF1 now known to be ND2, ND1, COII, COI, 71 ND4, ND3, RSP12 and ND5), four genes of unknown function 72 (MURF2, MURF5, CR3 and CR4) , and a few guide RNAs (gRNAs) 73 (Blom et al., 1990; Kannan and Burger, 2008; Ruvalcaba-Trejo 74 and Sturm, 2011). Minicircles comprise the major portion of the q Note: Nucleotide sequence data reported in this paper are available in the GenBank database under the accession numbers MG948554, MG948555, MG948556 and MG948557. 76 differ in size and sequence between species (Ray, 1987 to their replication (Shapiro and Englund, 1995 kDNA, and pro-kDNA (Vickerman, 1990; Lukeš et al., 2002 (Ray, 1989) . However, the number of conserved regions 106 and their location in each minicircle differ among species (Ponzi 107 et al., 1984; Sugisaki and Ray, 1987; Degrave et al., 1988 (Telleria et al., 2006) . Due 111 to the minicircle abundance and heterogeneity in sequence, they 112 have been frequently used in the development of PCR-based sensi-113 tive and specific diagnostic molecular tools (Noyes et al., 1998; 114 Botero et al., 2010; Ceccarelli et al., 2014) . CSB-3 or UMS is the 115 specific binding site for the UMS binding protein (UMSBP) (Tzfati 116 et al., 1992 (Tzfati 116 et al., , 1995 Abeliovich et al., 1993) , a protein involved in 117 kDNA replication and segregation (Milman et al., 2007) . The 118 UMSBP of C. fasciculata has been extensively studied. It is a 119 single-stranded sequence-specific DNA binding protein that binds 120 the UMS (12 mer) and a hexameric sequence (in the context of a 121 14 mer) (Abu-Elneel et al., 1999) that are conserved at the replica-122 tion origins of C. fasciculata kDNA minicircles, as well as in the 123 minicircles of other trypanosomatid species (Ray, 1989) . Recent 124 studies using antibodies raised against C. fasciculata UMSBP 125 revealed the presence of C. fasciculata UMSBP orthologues in other 126 trypanosomatids such as T. cruzi and T. brucei (Milman et al., 2007), 127 as well as Leishmania donovani (Singh et al., 2016 (Milman et al., 2007) . Moreover, a recent study showed 134 that the deletion of L. donovani UMSBP induced kDNA loss, apopto-135 sis, and regulated the virulence of the parasite in macrophages and 136 mice (Singh et al., 2016) . 1998; Smith et al., 2008; Austen et al., 2009; Averis et al., 2009; 143 McInnes et al., 2009 143 McInnes et al., , 2011 Paparini et al., 2011; Botero et al., 144 2013, 2016b; Thompson et al., 2013; Austen et al., 2015; Barbosa 145 et al., 2016) . Interestingly, T. copemani has been shown to invade 146 cells, and has been associated with pathological changes in wildlife 147 hosts that are similar to those seen with the human pathogen, T.
148
cruzi (Botero et al., 2013 (Botero et al., , 2016a . Moreover, T. copemani has been 149 found to infect numerous endangered and threatened species of 150 wildlife, and has been associated with the drastic decline of the 151 critically endangered woylie (Bettongia penicillata) (Austen et al., 152 2009; McInnes et al., 2011; Botero et al., 2013 Botero et al., , 2016a . Despite 153 the importance of the kDNA in trypanosomatid survival and regu-154 lation of virulence (Milman et al., 2007; Singh et al., 2016) ents were used to isolate the kDNA of T. copemani (Saucier et al., 175 1981; Hajduk et al., 1984 (Tzfati et al., 1995; Sela and Shlomai, 2009 S.E.; n = 11) Â 0.19 ± 0.04 lm (mean ± S.E.; n = 11) (Fig. 1) found, and all contained one conserved region.
344
Each conserved region in both T. copemani G1 and G2 minicir- Considering that the UMS element is present in C. fasciculata 398 minicircles, and that it was also found in T. copemani minicircles, 399 we investigated the presence of a UMSBP in T. copemani using anti-400 bodies raised against C. fasciculata UMSBP (Tzfati et al., 1995) . D1-2, average distance (in bp) between CSB-1 and CSB-2; D2-3: average distance (in bp) between CSB-2 and CSB-3 or UMS. a Nucleotides in larger font represent residues at the indicated position which differ from those of T. cruzi. b GenBank accession numbers. both T. copemani G1 and G2 protein extracts (Fig. 4) In attempts to investigate whether the minicircles of T. cope-415 mani were catenated into the kDNA network, the enzyme DNA GenBank (accession numbers: DQ343645, and KR072974 respectively). Fig. 3 . Phylogenetic relationships between Trypanosoma copemani genotype 1 (G1) and other species of Trypanosoma based on the full maxicircle coding region. This tree topology was generated using Maximum Likelihood and Mr Bayes. Numbers adjacent to isolate names indicate GenBank accession numbers. The sequence obtained in this study is bound in a box. Bootstrap support for 1000 replicates for Maximum Likelihood and Bayesian posterior probabilities, respectively, are shown at nodes. Leishmania tarentolae was used as an outgroup. Scale bar indicates substitutions per site. linear and covalently closed minicircles (Fig. 5) . nated on average to three neighbours (Chen et al., 1995) , and 436 aligned side by side (Rauch et al., 1993) . Pro-kDNA is the second 437 most organised kDNA structure and is present in the late diverging GenBank, the most similar sequences were T. lewisi and T. cruzi 487 with 81.0% and 78.5% identity, respectively, with T. copemani G1, 488 and 76.9% and 80.8% identity, respectively, with T. copemani G2.
489
Trypanosoma copemani G1 and G2 have previously been shown to 490 exhibit considerable differences in their biological behaviour such 491 as growth requirements, susceptibility to drugs, and capability to 492 infect cells in vitro (Botero et al., 2016a (Botero et al., , 2017 . Furthermore, T.
493
copemani G2 has been found in blood and tissues of marsupials 494 with pathological changes similar to those seen during T. cruzi 495 infections, while T. copemani G1 has only been found in blood 496 (Botero et al., 2013) . Adding to the differences between T. copemani H26, Q3, Q10, GP63 and GP94, while T. copemani G2 sits by itself 507 in a separate subclade (Noyes et al., 1999; Austen et al., 2009; 508 McInnes et al., 2011; Botero et al., 2013) . Identifying the full coding 509 region of the maxicircles of T. copemani G2 could further assist in 510 separating T. copemani G1 and G2 as separate species.
511
When the aligned minicircle conserved regions of T. copemani 
516
T. brucei, Trypanosoma congolense and T. equiperdum (Barrois et al., 517 1981; Kidane et al., 1984; Ponzi et al., 1984; Jasmer and Stuart, 518 1986; Nasir et al., 1987; Sugisaki and Ray, 1987 reported (Ray, 1989) . Interestingly, T. copemani G1 CSB-2 was iden-522 tical to the CSB-2 of T. cruzi minicircles, and the CSB-1 differed only 523 in one nucleotide, while for T. copemani G2, the CSB-2 was identical 524 to the CSB-2 of T. lewisi, and the CSB-1 was identical to the CSB-1 of 525 T. cruzi. As expected, both T. copemani G1 and G2 presented the T. cruzi and T. lewisi, but this need to be further investigated. Try-559 panosoma copemani G2, for example, has been shown to be able 560 to infect cells in vitro such as T. cruzi (Botero et al., 2013 (Botero et al., , 2016a .
561
Some of the maxicircle genes also encode proteins that are 562 involved in virulence and pathogenicity. Interestingly, T. copemani 563 has been shown to be pathogenic as well as T. cruzi, and T. lewisi.
564
Trypanosoma cruzi is the agent of Chagas disease in humans, while 565 T. lewisi has been implicated in the extinction of two native rats in 566 Australia (Wyatt et al., 2008) , and has recently been shown to atyp-567 ically infect humans (Verma et al., 2011; Truc et al., 2013; de Sousa, 568 2014 The UMSBP of C. fasciculata has been extensively studied. This 576 protein is a single-stranded sequence-specific DNA binding protein 577 that binds the UMS elements in kDNA minicircles (Tzfati et al., 578 1992 (Tzfati et al., 578 , 1995 cruzi, L. donovani, and T. brucei (Coelho et al., 2003; Milman et al., 587 2007; Singh et al., 2016 (Milman et al., 2007) . Our suggestion that the 27.7 kDa protein 606 could be a UMS orthologue in T. copemani requires further investi- 
